A mbient air pollution is recognized to adversely affect respiratory health. Several studies conducted in Canada 1-3 and elsewhere [4] [5] [6] [7] have found that day-to-day increases in pollution levels are associated with the exacerbation of asthma. While these findings suggest that children and the elderly are more susceptible to the effects of ambient pollution, 3 the pathogenesis remains poorly understood, and there is no consensus on which constituents of air pollution are most harmful.
METHODS
Emergency department (ED) visits for asthma in Windsor were captured through the National Ambulatory Care Reporting System (NACRS), a reporting system for ED visits in Canada. 12 Asthma cases in Windsor were identified in the NACRS based on the first three digits of available postal codes corresponding to the city of Windsor. The NACRS database is estimated to capture more than 97% of the emergency department visits in Ontario. 13 The International Classification of Diseases 10 th (ICD-10) revision coding was used to identify discharge diagnoses of asthma (ICD-10: J45, J46, T486, Y556, Z825).
Available patient data allowed us to identify ED visits for asthma for the period between April 1, 2002 and March 31, 2009 . We also tabulated the daily number of visits for influenza (ICD-10: J09, J10, J11) in order to adjust in multivariable regression models for the potential confounding influence of viral respiratory seasonal epidemics. We excluded asthma visits among children less than two years of age as the diagnosis of asthma in this age group is often confused with bronchiolitis.
14 Additional information contained in the NACRS database and used in this study included the date of visit, the age and sex of the patient and a unique patient identification number to allow tracking of multiple visits for asthma.
Estimates of daily average ambient concentrations of air pollution were obtained from the National Air Pollution Surveillance Network maintained by Environment Canada which collects air pollution levels through automated fixed-site monitoring stations. 15 Daily mean concentrations were calculated for the following pollutants: nitrogen dioxide (NO 2 ), sulphur dioxide (SO 2 ), carbon monoxide (CO) and particulate matter of median aerometric diameter less than 2.5 microns (PM 2.5 ). For ozone (O 3 ), the daily maximum value was used due to its large diurnal variations. One-day lagged exposure to air pollutants was used as our metric to examine the temporal relationship between outdoor air pollution and ED visits for asthma. This was done because respiratory health effects are mostly seen when air pollution levels are lagged for one day [4] [5] [6] 11, 16 and because there is a short delay from the onset of an increase in air pollution levels to the appearance of adverse health outcomes and the seeking of medical care. 17 Daily mean temperature and relative humidity were obtained and used to adjust the risk estimates. These meteorological variables were modeled as natural spline functions with 4 degrees of freedom.
All statistical analyses were conducted with SAS, version 9.2 18 using the procedure PHREG to perform the conditional logistic regression. This study used a case-crossover design, which is an adaptation of the case-control study in which cases serve as their own control. 19 For each ED visit, an individual's exposure at the "index" time was compared to the exposure at a referent time interval. Referent intervals were close in time to the case event in order to control for seasonal patterns of disease occurrence. In our study, the matching of control to case periods -which latter refers to the day that the ED visit for asthma occurred -was done using a timestratified approach. Specifically, referents were selected from the same day of the week during the same month and year as the case interval to control the influence of "day of week" effects on the frequency of ED visits. 20 The case event day was not eligible to be selected as a control interval. Matched sets consisted of one case period and either three or four referent periods, depending on the day of the month when the case period occurred and the number of days in the month.
Odds ratios (OR) were estimated along with their accompanying 95% confidence intervals. The odds ratio was calculated in relation to an increase in the interquartile range (IQR) based on the daily mean levels of each air pollutant over the entirety of the study period. The use of the IQR made it easier to compare risk estimates across different pollutants that were measured on different scales. Stratified analyses were conducted to examine whether associations between air pollution and asthma were similar across age groups and seasons (April to September, October to March). This was done because people are recognized to spend a greater proportion of their time outdoors during spring/summer season. 21 Additionally, from the perspective of statistical power, there was a nearly equal number of ED visits in both periods.
RESULTS
A total of 3,728 ED asthma visits occurred during the study period (Table 1) . Approximately 33% of these visits occurred in children 2-14 years of age, 7.4% among those ≥60 years of age. There were more visits among females (54.6%) than males and slightly more visits during fall/winter season (51.4%). Table 2 presents a summary of each pollutant's levels in this study; ozone, as an example, is shown to be particularly high in summer as compared with winter.
Adjusted odds ratios for ED visits for asthma based on a 1-day lagged exposure to air pollution stratified by age group and season are displayed in Table 3 . Statistically significant associations were observed between 1-day lagged exposure to SO 2 , NO 2 , CO, O 3 and ED visits for asthma in certain subgroups. The strongest associations were observed during the spring/summer season among children 2 to 14 years of age. In this age group, an increase in the interquartile range with 1-day lagged exposure to SO 2 , NO 2 and CO was associated with a respective 19%, 25% and 36% increase in the odds of an asthma ED visit. A statistically significant association was also observed for 1-day lagged exposure to CO and asthma visits among children throughout the year (OR 1.15, 95% CI 1.02-1.31). Among adults aged 40 to 59 years of age, a 60% increase in the odds ratio of an asthma ED visit was observed for a 1-day lagged exposure to O 3 for the period between October and March. Ozone was also associated with asthma ED visits for all ages when looking at all seasons (OR 1.11, 95% CI 1.01-1.21). Other windows of exposure were considered (lagged 0-2 day and 3-5 day averages), but only a statistically significant association was observed for the same-day exposure to CO and ED visits for asthma (OR 1.32, 95% CI 1.02-1.69). No associations were observed for PM 2.5 and asthma ED visits.
DISCUSSION
In this study, we have found positive associations between ambient levels of SO 2 , NO 2 , CO, O 3 and ED visits for asthma. This suggests that a reduction in these pollutant levels could decrease morbidity and the associated direct health care costs of asthma, especially among children, in the city of Windsor.
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Most of the strongest positive associations were seen among children 2 to 14 years of age during spring/summer season and specifically for SO 2 , an industrial air pollutant, and NO 2 and CO, whose levels are heavily influenced by traffic-related sources. Possible biologic mechanisms that can explain these findings include that children spend more time outside than adults, that their peripheral airways are more susceptible to inflammatory narrowing than adults 23 and that they retain a disproportionately higher amount of air pollution per unit body weight than adults. 24 Furthermore, it has been shown that NO 2 makes people more susceptible to respiratory viral infections that exacerbate asthma. 25 Increased levels of NO 2 were also associated with increase in bronchitis symptoms 26 and deficit of lung function in children who spend more time outside. 27 Regarding CO, in previous findings, this pollutant has been associated with COPD 16, 28 and upper respiratory infection ED visits. 28 In addition, in our study, CO was also found to be associated with ED visits for asthma among adults, 40 to 59 years of age, for the period between April and September. In this same age group, but for the winter season, O 3 was associated with a 60% increase in ED visits for asthma. Similar patterns of risk were observed in a previous study for ozone and asthma exacerbation. 3 The findings of this study are similar to the ones found in previous reports of air pollution and adverse health effects in Canadian cities 2,3,10 and elsewhere in the world. 6, 29 One possible difference with the Edmonton report is that associations were strongest for 3-and 5-day averages among young children (2-4 years of age) while we observed that effects were more pronounced among children (2-14 years of age) with 1-day lagged exposure. Additionally, range levels of pollutants in our study were similar with levels found in previous reports in Australia 6 and Southern California. 26 There are some methodological limitations in this study. The casecrossover approach relies on the assumption that the event of inter- est -here, ED visits for asthma -defines the case intervals while no such visit can occur during the matched control intervals. This assumption can be violated under the scenario of recurrent events. This would occur, for example, if an individual visited an emergency department for asthma on a day that was deemed to be a control interval. However, in our study, the exclusion of these matched sets -0.9% of all ED visits for asthma -did not change the odds ratios in any appreciable way. Another limitation could be related to the exposure pattern to air pollution for each individual in this study. This would be due to the fact that regional measures of air pollution from fixed-site monitoring stations were taken as the measure of exposure to air pollutants rather than taking each person's level of exposure. Assuming that these measurement errors are nondifferential between case and control intervals, this would usually result in an underestimation of the odds ratios which would bias the results towards the null. 30 Furthermore, we did not adjust for the confounding influence of outdoor levels of aeroallergens, but we believe, based on previous findings, 3 that this would not lead to an appreciable change in risk. This study could also lack statistical power to clearly evaluate some of the non-statistically-significant associations reported, especially among the elderly and for PM 2.5 .
Strengths of our study include that the odds ratios reported have been adjusted for the possible confounding influence of several other factors that vary on a day-to-day basis. Moreover, the casecrossover design of our study is effective for controlling for potential confounding factors at the individual level such as age, sex, cigarette smoking and prior respiratory conditions. The timestratified case-crossover approach has also been demonstrated as a suitable method to control for time trends in both air pollution exposures and outcomes. 20 Finally, this study relied on reliable data for assessment of exposure to air pollution and the identification of ED visits for asthma, which has been shown to be an effective way of identifying asthma diagnoses.
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The results of this study showed that traffic-related air pollution and industrial-related pollution increase the risk of ED visits for asthma in the city of Windsor in Ontario, particularly among children. The results of this study and previous reports in Windsor 10, 11 suggest that there are tangible health benefits that could be achieved through the reduction of ambient air pollution levels. Mots clés : pollution de l'air; asthme; enfant; risque; cas-témoins de croisement
